The structral, electrical, and opitical properties of Bedoped GaAs for varioua doping concentrations were studied using double crystal X-ray analysis, van der Pauw measurements, photoluminescence and infrared absorption measurement. It is found that there exists an average critical doping concentration, i.e., 2 x loref cn3, beyond which the lattice mismatch between the epilayer and GaAs substrate occurs and the Be outdiffusion is significantly enhanced. The absorption coefficient of Be-doped GaAs in the 8-10 pm region with carrier concentration of 5 x 10le/cm3 are found to be about !0a cm-r which is high enough to be applied to AlGaAs/GaAs heterojunction infrared detector.
Introduction
Be is one of the most commonly used p-type dopant for III-V compound semiconductor in molecular beam epitaxy (MBE) . Among all the uses of Be-doped GaAs, heavily doped p-type GaAs (> lOLe f crns) has been frequently used in device application such as heterojuction bipolar transistors [f], [2] . However, the heavy doping of GaAs with Be encouters a serious problem, Be outdiffuses very fast into the substrate under high doping condition [3] - [6] which degrades the device properties catastrophicly. Re- centlg a new type of infrared detector based on (p*) SiGe/Si heterojunction which can detect infrared in the 8-12 pm regio" [7] . The idea is to heavily dope the SiGe layer with p-Wpe dopant, then the infrared can be detected using heavy to splitting off hole band transition and free carrier absorption. This suggests that the same idea can be applied to (p)AlGaAs/(p+)GaAs heterojunction in which the infrared can be absorbed by heavy to light hole band transition and free holes absorption itt (p*) GaAs.
However, the Be outdiffusion problem in heavily doped (p*) GaAs must be first understood and solved, then its application to infrared detector becomes feasible. There have been many reports on the Be outdifrusion problem in GaAs [4] - [6] . In this paper, we present a more detail and systematic studies on the structral, electrical, and opitical properties of Be-doped GaAs with various doping concentrations. As a result, a stress-induced diffusion model is proposed to explain the fast outdiffusion of Be in GaAs.
Experiments
The films reported here were gro\ /n in VG MKII MBE system and deposited on the GaAs (100) semiinsulating substrates. The preparation of GaAs substrates involved ultrasonic degrease in 6If zSOe : LH zO2 z LH 20 solution for 2-minute, indium bonded on molybedum block, followed by outgassing at 800.C. The growth temperature was 600"C and the growth rate used was I p,mfhr under Asa-rich conditions.
The various doping level could be achieved by changing the temparature of Be effusion cell. All of the epilayer thicknesses were about L pm unless otherwise noted.
Results
Material characterizations included Hall measurements, double crystal X-ray analysis, photoluminescence (PL) and infrared absorption.
The Hall measurements were made by using van der Pauw method. However, because of the fast Be diffusion into the GaAs substrate, the actual p type layer thickness might be wider than the epilayer thickness. The Be-distributed depths were determined as follows: the sample was etched step by step and its resistance is measured at each step. PL measurements were taken at 40K. Fig.4 shows the function of the full width at half marcimum (FWHM) of PL peaks versus the average hole concentration. From Fig.4 
